Abstract
Background In Australia, the reimbursement of botulinum neurotoxin-A (BoNT-A) on the Pharmaceutical Benefits Scheme for the treatment of moderate to severe spasticity of the upper limb following a stroke (PSS-UL) is restricted to four treatment cycles per upper limb per lifetime. This analysis examined the cost effectiveness of extending the treatment beyond four treatments among patients with an adequate response to previous treatment cycles. Methods A Markov state transition model was developed to perform a cost-utility analysis of extending the use of incobotulinumtoxin-A beyond the current restriction of four treatment cycles among patients who have shown a successful response in previous treatment cycles ('known responders'). The Markov model followed patients in 12-weekly cycles for 5 years, estimating the proportion of patients with or without response over this period in each of the modelled treatment arms. Post hoc analysis of an open-label extension phase study informed the Markov model. The perspective of the analysis was the Australian healthcare system, meaning only direct healthcare costs were included. Utility values by response status were derived from EQ-5D data from a published double-blind, placebo-controlled study. The primary outcome measure was the incremental cost per quality-adjusted life-year (QALY). Univariate and probabilistic sensitivity analyses were conducted.
Results
The open-label extension study data demonstrated the probability of treatment response after four injections was greater among 'known responders' than those without prior response. The incremental cost per QALY gained of continued use of incobotulinumtoxin-A beyond the current restriction of four treatments was A$59,911. Conclusion Limiting BoNT-A treatment to four cycles per patient per lifetime is likely to be suboptimal in many patients with PSS-UL. Treatment response beyond four cycles is highest among known responders, and allowing such patients to continue treatment beyond four cycles appears cost effective.
Key Points for Decision Makers
In Australia, reimbursement of BoNT treatment is restricted to a maximum of four treatment cycles per upper limb per lifetime, irrespective of clinical need or efficacy of prior response.
A cost-effectiveness analysis of extending the treatment beyond four treatments among patients with an adequate response to previous treatment cycles has not been performed from the perspective of the Australian healthcare system. This analysis found that continuing incobotulinumtoxin-A treatment in patients with moderate to severe PSS-UL beyond four cycles can be cost effective. For this to be realised, careful patient selection is required so that treatment is targeted towards those with the greatest likelihood of continuing to respond to multiple treatment cycles.
Introduction
Spasticity is a movement disorder associated with pathologically increased muscle tone, often a complication from stroke. It has been defined as ''a motor disorder characterised by a velocity-dependent increase in tonic stretch reflexes with exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflex'' [1] . Muscle tone is defined as a continuous steady-state contraction of the muscles, which, under normal circumstances, enables a normal posture through a balance of extensor and the flexor muscle tone. Post-stroke spasticity of the upper limb (PSS-UL) adversely affects this balance and imposes considerable burden on the patient, creating stiffness and resistance to movement. Many patients experience a negative impact on their ability to perform activities of daily living such as personal hygiene and dressing, necessitating the help of a family member or professional caregiver [2] . Spasticity can also cause significant pain and discomfort.
Spasticity in the upper limb affects between 19 and 38% of stroke survivors during the first year after stroke [3] [4] [5] . In Australia, the incidence of stroke is 0.14% each year [6] , which equates to approximately 35,000 stroke cases, suggesting that more than 13,000 persons may experience post-stroke spasticity (PSS) in Australia each year. The extent of disability and compromised functional ability strongly influences post-stroke dependency and care requirements.
The use of botulinum neurotoxin-A (BoNT-A) for PSS-UL is well-established in Australian clinical practice. The European consensus statement recommends BoNT-A by acknowledging its effectiveness and safety supported by clinical evidence from 20 randomised controlled trials (RCTs) and two meta-analyses [7] . Similar findings and recommendations have also been put forward by the American Academy of Neurology [8] . It has been suggested that the most reasonable approach is to treat PSS whenever it becomes problematic or disabling [9] . The Clinical Guidelines for Stroke Management released by the National Stroke Foundation of Australia in 2010 recommend stroke survivors with persistent moderate to severe spasticity that interferes with activity or personal care be treated with BoNT-A [10] . The use of BoNT-A should be seen as part of an integrated programme of care and thus it should be provided along with other care such as physiotherapy rather than being administered in isolation.
Incobotulinumtoxin-A (NT 201/Xeomin Ò ; Merz Pharmaceuticals GmbH, Frankfurt, Germany) is a highly purified BoNT-A formulation. A phase III, placebo-controlled, randomised study of incobotulinumtoxin-A demonstrated a statistically significant reduction in muscle tone and improvement in functionality following a single treatment cycle in 148 patients with PSS-UL compared with placebo [11] . Nearly 70% of patients treated with incobotulinumtoxin-A successfully responded to the treatment, with a C 1-point improvement in the Ashworth Scale score at a control visit 4 weeks post injection. This trial was followed by an open-label extension study that demonstrated sustained improvements in muscle tone and functionality over a study duration of up to 89 weeks. The treatment was well-tolerated during repeated treatment cycles [12] . The results from a recent randomised, double-blind, placebocontrolled study by Elovic et al. [13] that included 259 patients followed-up for up to 48 weeks in the full analysis set for the efficacy analysis, corroborated the results from Kaňovský et al. [11] .
In Australia, BoNT-A is reimbursed through the Pharmaceutical Benefits Scheme (PBS) for multiple indications, including the treatment of moderate to severe PSS-UL. Three BoNT-A preparations are available on the PBS:
. The use of BoNT-A on the PBS is subject to strict eligibility criteria. Treatment is restricted to adult patients free of established severe contracture in the treated limb and who had a stroke more than 2 months prior. Patients with spasticity due to brain trauma other than stroke are ineligible for treatment. The treatment must be second-line after not responding to standard management, and be provided adjunctively with physiotherapy. Reimbursed treatment is ceased if the patient fails to respond, defined as a failure to decrease spasticity by 1, using the Modified Ashworth Scale (MAS), in at least one joint after two treatment cycles.
Importantly, treatment is limited to a maximum of four treatment cycles per upper limb per lifetime, irrespective of the patient's clinical need or the efficacy of prior response. Imposing a limit to the maximum BoNT-A treatment cycles is not entirely consistent with evidence-based guidelines [7] . Furthermore, this limitation is unique to Australia when compared with all other jurisdictions where BoNT-A injections are funded for the treatment of PSS-UL. For example, the Scottish Medicines Consortium (SMC) accepted the use of BoNT-A for patients with PSS-UL, without restrictions on the number of injections permitted over a patient's lifetime (Botox Ò , SMC 2011 [14] ; Xeomin Ò , SMC 2011 [15] ). It is possible the PBS restriction will result in suboptimal treatment outcomes in some patients in the long-term. This is especially likely among patients who have shown a successful response and who require ongoing re-injections for maintenance of response.
This analysis presents a modelled cost-utility analysis (CUA) that estimates the cost and health implications of extending incobotulinumtoxin-A treatment beyond four treatment cycles in patients who are 'known responders'.
Methods

Model Structure
A Markov state transition model was developed to perform the CUA. This approach was the preferred modelling methodology due to its simplicity and transparency (when compared with other modelling techniques such as microsimulation). The model structure compared a scenario where 'known responders' continued treatment past four injections while maintaining a positive treatment response with the current scenario where they are forced to stop BoNT-A after four cycles, i.e. current standard of care (SoC). Patients failing to achieve or maintain response are discontinued from treatment. This model structure is illustrated in Fig. 1 .
A successful response was defined as a C 1-point improvement in the MAS, a well-known and commonly used scale in clinical trials with spasticity [3, 16, 17] . The MAS is a simple 5-point scale that enables clinicians to quantify the amount of muscle resistance encountered during passive movements, and is considered to be the best clinical tool for measuring resistance to movement [18] .
Scores range from 0 to 4, with lower scores indicating less resistance to passive movement (i.e. better muscle tone).
The Markov model consisted of health states defined by response to BoNT-A treatment or SoC alone, with a hypothetical cohort of patients transiting between these health states in 12-weekly cycles over the 5-year model duration. The 12-week model cycle was selected to reflect a typical interval between BoNT-A doses according to recommendations in the Australian Product Information for incobotulinumtoxin-A, and patients in Australia are unlikely to receive more frequent re-injection cycles in practice. Figure 1 illustrates the transition of patients through the Markov model. All patients began in the model by receiving the first injection. A proportion of these patients transited to the 'incobotulinumtoxin-A ? SoC and in response' health state by achieving an Ashworth Scale of C 1-point gain from baseline, while others transited to the 'incobotulinumtoxin-A ? SoC and not in response' health state if they failed to achieve this level of response. All patients received a re-injection in the second model cycle; however, patients who failed to respond to both the first and second treatments transited to the 'SoC alone and not in response' health state. After the fourth injection, all 'in response' patients in the current PBS regimen arm were transferred to the SoC-alone strategy. In the base-case model, these patients were assumed to lose response after stopping treatment. In contrast, patients in the treatment arm continued as long as they maintained the response in each successive treatment cycle. Patients faced a risk of death at each modelling cycle, as informed by Australian life tables. The primary outcome measure of the model was the number of quality-adjusted life-years (QALYs); the incremental cost-effectiveness ratio (ICER) was expressed in terms of incremental cost per QALY gained. The base-case model horizon was set at 5 years. A 5-year horizon was considered to be sufficiently long enough to assess the long-term cost effectiveness of treatment without introducing unnecessary extrapolation-related uncertainties. The perspective of the analysis was the Australian healthcare system, meaning only direct healthcare costs were included. All cost and health outcomes are discounted at 5%, as currently required by the Pharmaceutical Benefits Advisory Committee (PBAC) submission guidelines. Costs are expressed in Australian dollars (2016 values).
A series of univariate deterministic sensitivity analyses were conducted on the base case by altering data inputs for key model variables. Probabilistic sensitivity analysis (PSA) was also conducted on the base case, with distributions assigned to the response rate and the utility scores. Uncertainties associated with these variables were described by the beta distribution.
All clinical inputs for this model were sourced from a placebo-controlled, randomised trial [11] and its extension study [12] , providing the model with a strong faithfulness to the available trial data. While extrapolation was necessary for an adequate assessment of cost effectiveness, the model should hence have interval validity. The patient population represented in the trial was also reasonably generalisable to Australian patients who were eligible for BoNT-A treatment on the PBS, ensuring the external validity of model outputs.
Model Variables
Efficacy data for incobotulinumtoxin-A were provided by a placebo-controlled, randomised trial [11] , which was the pivotal study used to inform the incobotulinumtoxin-A PBAC submission in 2014, and its extension study [12] , as summarised in Table 1 . A post hoc analysis of the extension-phase data was conducted to derive response rates in the long-term. The initial response rate was informed by the placebo-controlled trial, where 68.5% of patients successfully responded to incobotulinumtoxin-A by achieving a C 1-point improvement in Ashworth Scale score at a control visit 4 weeks post injection. The post hoc analysis of the extension phase data indicated a response rate of 70.0% for these patients in the second treatment cycle. The response rate in subsequent treatment cycles for known responders was 87.2%.
Patient demographics of the modelled cohort were also based on an open-label extension study [12] . The only characteristics relevant to the model were age and sex, both of which affect the risk of death at each cycle in the model. The baseline age was 57 years, with 64% being male.
All cost inputs are presented in Table 1 . Only cost items that were directly related to the administration of incobotulinumtoxin-A were considered, including costs of drug acquisition and injection procedures. All costs were in Australian dollars (2016 values).
The drug acquisition cost per treatment was determined on the number of 100-unit (U) vials required per treatment. The number of vials required was informed by mean doses of incobotulinumtoxin-A in the extension study. The mean dose per treatment was 352 U, thus requiring 3.52 100-U vials per treatment. This dose was consistent with the recommended dose in the Australian Product Information. The cost per 100-U vial was A$375.00, as per the current PBS price. A pharmacy mark-up and dispensing fee ($47.02) are also added on to the total drug acquisition cost.
The cost of treatment administration was based on the Australian Medicare Benefits Schedule (MBS). Each administration procedure was assumed to be associated with a specialist consultation (MBS item number 116; $75.50) and other services associated with the administration procedure (e.g. injection, neuromuscular stimulation, ultrasound). To determine the extent of these services per injection, an analysis of a 10% sample of MBS claims data between 2010 and 2014 was performed [19] . On average, each administration was associated with an estimated cost of $230.03 attributable to the injection procedure itself and the electrical stimulation and/or ultrasound imaging to guide the identification of injection site(s) (see Table 1 ). In total, administration costs of $305.53 ($75.50 for pre-/post-injection consultation and $230.03 for the procedure itself) are hence applied at each injection.
Quality of life (QoL) was entirely dependent on treatment response in the current model. Utility values were derived from EQ-5D data from a double-blind, placebocontrolled study [11] , with Australian preference weights applied [20] . Patients in the response health state accrued a utility value of 0.51 (standard deviation [SD] 0.32), while those not in response accrued a utility value of 0.39 (SD 0.24), which was the EQ-5D utility value of the population at baseline.
Adverse events and their potential cost implications were not explicitly captured in the model; however, these were considered as relatively minor and transient and unlikely to be associated with meaningful cost implications overall.
Results
Patients in the extended treatment arm of the model received an average of 6.49 injections compared with 3.43 injections in the comparator arm. In the extended treatment arm of the model, 14% of patients received 12 or more injections (Fig. 2) . These additional treatments meant additional costs of $4533 per patient and provided an additional 0.08 QALYs per patient due to the longer time spent in response when compared with the current PBS restrictions. The incremental cost per QALY gained of extending BoNT-A treatment for PSS-UL beyond the current restriction of four treatment cycles was A$59,911 (Table 2) .
A series of univariate deterministic sensitivity analyses were performed (Table 3) . As expected, the incremental benefit of a response in terms of utility was the most influential variable. Altering the extent of utility gain associated with response by using the 95% confidence interval produced ICERs ranging from A$44,933 to A$89,867. Sensitivity analyses also explored the occurrence of natural disease resolution, which had a minor impact on the ICER ($59,934 for 5% natural disease resolution per annum and $59,954 for no natural disease resolution). This minimal impact to the overall cost effectiveness is because the rate of disease resolution affects both treatment arms equally. A PSA was performed using 1000 iterations of the basecase evaluation. Beta distributions were applied to response rates and utility values to capture the underlying uncertainty based on the base-case mean values and standard errors from the available data (see Table 1 ). No distributions in cost variables were applied as the base-case values used fixed fees per service.
Across the 1000 iterations, the extended treatment regimen was demonstrated to produce a mean QALY gain of 0.0758 (95% credible interval [CrI] 0.0747-0.0768) at a mean additional cost of A$4531 (95% CrI $4527-$4535) (see Fig. 3 ). The cost-effectiveness acceptability curve (Fig. 4) illustrates probabilities the extended treatment regimen would be cost effective at various willingness-topay thresholds. At the willingness-to-pay threshold of A$60,000 per QALY, the probability of the extended treatment regimen being cost effective was 51%.
Discussion
This modelled CUA estimated the cost effectiveness of continuing the use of incobotulinumtoxin-A beyond four treatment cycles for the management of PSS-UL. The model is based on a post hoc analysis of previously published extension study data [12] . These analyses suggest that the likelihood of achieving and maintaining alleviation in muscle tone could be improved by selecting patients with response to previous treatment cycles. The current study also highlighted that the QoL of patients living with PSS-UL was considerably compromised, with an estimated QALYs quality-adjusted life-years, ICER incremental cost-effectiveness ratio, PBS Pharmaceutical Benefits Schedule, CUA cost-utility analysis All outputs are discounted at 5% per annum utility score of 0.39 prior to treatment; an effective treatment with incobotulinumtoxin-A offered a utility gain of 0.12. This utility gain for being a responder to treatment is assumed to be constant over the model horizon as long as the patient maintains response. This could potentially be a conservative assumption as a sustained response may provide further mobility improvement, although evidence is lacking to inform the modelling of this potential longterm benefit.
A modelled CUA of onabotulinumtoxin-A previously reported in the literature [21] reported similar results to this analysis of the long-term use of BoNT-A for PSS-UL. The Scottish study reported ICERs ranging from £10,720 to £27,134 per QALY gain when compared with SoC alone over 5 years.
The main limitation of this current study is its reliance on the post hoc analysis of response rates reported in the extension study, and the assumption that these rates will remain constant in the long-term. These post hoc analyses are Thirty-six percent of responders at the fourth treatment cycle remain in response after the treatment stoppage (while receiving SoC alone). This response rate is successively applied to those in response in the subsequent treatment cycles. This rate is based on the placebo-controlled, doubleblind study by Kaňovský et al. [11] c The extension study [11] employed a flexible 'as needed' re-injection interval design with a minimal interval of 12 weeks. The mean reinjection interval observed under this trial protocol was 14.14 weeks consistent with clinical practice that demonstrate incobotulinumtoxin-A treatment continues to be effective beyond the current restriction of four injections [12] . In addition, these analyses suggested that the likelihood of achieving a treatment response was more favourable among patients with response to previous treatment cycles. However, it must be acknowledged these analyses do not necessarily prove incobotulinumtoxin-A will continue to be effective in the long-term, as the model assumes. Sensitivity analysis showed this long-term response rate was not an important determinant of cost effectiveness, due to the fact that incremental costs and incremental QoL gains would both decline with declining long-term response rates. Furthermore, the model assumes that all four treatments are administered to patients in four sequential cycles every 12 weeks. However, patients may, in clinical practice, opt for longer re-injection intervals as the restriction is limited to a maximum of four treatment cycles per upper limb per lifetime. The current model assumes an approximation of strictly 12-weekly treatment cycles and is unlikely to meaningfully affect the base-case conclusion.
The model also assumed that upon treatment discontinuation, the severity of spasticity returned to the baseline level. This assumption was necessary because the natural history of the condition is only partially understood [7] . It is possible that some patients could experience resolution of their spasticity with or without treatment because of the natural course of the condition [22] , however this could be expected to be small. It is nonetheless acknowledged that this is an area of uncertainty, potentially favouring the treatment arm of the model. On the other end of the spasticity continuum, some patients would not achieve resolution and thus require ongoing treatment cycles to maintain the alleviation of muscle tone and functional ability.
The model assumed no differences between the treatment arms in terms of safety and adverse events and omitted potential cost and QoL implications associated with treatment-related adverse events. This assumption is clearly supported by the available RCT evidence. Kaňovský et al. [11] suggested treatment tolerability was 'good' or 'very good' in 97% of patients, with no differences between incobotulinumtoxin-A and placebo, and most adverse events were mild and transient. Similar results were also reported by Elovic et al. [13] . The extension phase data also supported the treatment's favourable tolerability, with none of the reported adverse events having been considered as being treatment related [12] . For the current comparison of continuing versus stopping incobotulinumtoxin-A after four treatment cycles, this assumption should be considered as adequate.
The current study had a narrow scope in capturing healthcare resource use, where only those costs directly associated with the provision of injections (i.e. drug acquisition and administration costs only) were included. This is a conservative approach, biasing against the extended treatment arm of the model. The management of moderate to severe PSS-UL can be resource-intensive and the maintained functional ability through ongoing treatment could provide cost savings to the healthcare system. Observational data reported by Baeten et al. [23] and Lundstrom et al. [24] have suggested the extent of this potential cost saving is more substantial. A detailed analysis of the resource utilisation and costs of PSS-UL in patients with and without response to treatment would further improve the reliability and applicability of these results.
A key feature of this analysis is that it represents a circumstance unique to Australian clinical practice. That is, the Australian reimbursement system limits treatment to only four injections regardless of response or a demonstrated clinical need for continued treatment. Our analysis demonstrates that incobotulinumtoxin-A is effective beyond four injections when used in patients who are 'known responders'. The incremental cost per QALY gained of A$59,911, as estimated in this study, is relatively high but consistent with other treatments that have achieved PBS listing [25, 26] .
Conclusion
Continuing incobotulinumtoxin-A treatment beyond four cycles may be cost effective. Careful patient selection is required so treatment is targeted at those with the greatest likelihood of continuing to respond to multiple treatment cycles.
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